During the past 10 years, considerable attention has been devoted to cognitive impairment in multiple sclerosis. Occasionally this impairment may be so severe that multiple sclerosis presents as a dementia associated with only minor neurological signs and symptoms. The cases of two women affected by multiple sclerosis who presented with a pure dementia are reported. In the first patient, a progressive apragmatic behavioural disturbance with reduced short term memory and learning abilities were the main clinical features. Neuropathological examination of the brain disclosed numerous plaques in the periventricular white matter, with severe atrophy of the corpus callosum. Plaques were also seen in the white matter of both hippocampus and in the columns of the fornix. The impairment of short term memory could be linked to these lesions. Behavioural changes were probably related to the bilateral lesions of the long associative bundles that disconnected the frontal lobes from other parts of the cerebral hemispheres. In the second patient, visual hallucinations were associated with cognitive dysfunction. MRI showed large plaques in the white matter of both left frontal and temporal lobes. Smaller plaques were also present in the periventricular white matter of the occipital lobes, the nature of which were confirmed by a stereotactic biopsy.
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(37NeurolNeurosurg Psychiatry 1994;57: [353] [354] [355] [356] [357] [358] [359] Cognitive dysfunction in multiple sclerosis was first recognised with the initial description of the disease, in which Charcot noted a "weakening of memory", "slow conceptual thoughts", and a "blunted affective and intellectual life".' It was not until recently, however, that much attention was devoted to this subject.2 3 A number of neuropsychological studies reported different proportions of patients with multiple sclerosis who had cognitive abnormalities, ranging from 13% to 65%. 4 The populations under study were not always comparable, and most patients were followed up in university based neurology departments. A recent study that recruited patients from the membership of a local multiple sclerosis society found cognitive dysfunction in about 40% of patients.5 Cognitive disability was first considered to be the hallmark of the later stages of disabling multiple sclerosis.' Several studies reported that significant cognitive abnormalities may also occur in an early stage of the disease in mildly disabled patients,6-8 and even at the first attack of the disease.9 This may interfere with the patients' social and professional life.'0 Cerebral demyelination disrupts a wide range of cognitive processes, which may differ from one patient to another, depending on the localisation of the plaques. Task memory is most often impaired in patients with multiple sclerosis. Various patterns have been described, depending on the population and the neuropsychological tests used. 4 The most common defect is a memory loss, particularly of learning ability, with relative preservation of retention memory. This concerns both verbal and visuospatial material.24 Other cognitive dysfunctions have been reported, such as a reduction in verbal fluency and mood changes including both an apathetic and depressed state. 24 Several findings have shown that cognitive impairment, which presented as isolated dementia or disproportionally severe cognitive dysfunction compared with the other types of disability, may occur in multiple sclerosis.2" 12 We describe two cases with histologically confirmed multiple sclerosis, one with pure dementia and the other with psychiatric symptoms associated with the dementia. We also report the extensive neuropathological examination of the first case.
Case reports CASE 1 A 5 1-year-old right handed woman was referred to hospital in November 1984 because of memory disturbance and behavioural changes. She had been surgically treated for Graves' disease in 1974, and since then had been treated with thyroxine. There was no history of neurological or psychiatric disease in her family. The chronology of the behavioural changes was reconstructed with the help of her husband. Although aware of her problems, the patient denied them. Her husband reported that over the past 10 years, but more obviously over the past four or five years, the personality of his wife had changed. She was more aggressive and she displayed emotional lability (non-motivated laughing and tear crises). She gave up her housekeeping activities progressively, and had a lack of libido. She was still playing cards, one of her favourite leisure occupations, but her performance had worsened. gave normal results. Optic fundi and retinae were unremarkable. There was no gait disorder. The cranial nerves, and cerebellar, sensory, and motor functions were normal. There was no visceromegaly. Neuropsychological examination was performed in March 1991. It showed severe cognitive dysfunction. Intellectual impairment was noted on the revised form of the Wechsler adult intelligence scale (WAIS-R)14 with a final IQ of 60. Visuospatial processes seemed to be more affected than linguistic processes and there was a 17 point difference between the verbal subtests (verbal IQ = 65) and performance subtests (performance IQ = 48). Naming was normal (80 pictures), although fluency was reduced (12 names of animals and three words starting with M in one minute), and the copy of the Rey figure14 was mildly impaired. In BEM 144, free recall was poor for verbal (a story) and visual (a geometric figure) information, and there was no incremental learning: on a series of 12 to the digit span).'4 Apart from this severe intellectual and memory dysfunction, there was also a loss of educational knowledge: in arithmetric calculation, only simple additions could be achieved. The digits were correctly aligned but she was unable to perform the computation.
Laboratory tests were normal. There was no inflammatory syndrome. There was no sign either of an autoimmune disorder or of sarcoidosis. Syphilis and HIV serologies were negative. The CSF was normal. Visual, auditory, and somatosensory evoked potentials were normal. The EEG disclosed cerebral dysrhythmia, with intermittent5-waves predominating on the left hemisphere. There were no epileptic figures. The EMG was normal. The blood concentrations of long chain fatty acids and arylsulfatase activity were normal. A cerebral MRI was performed in April 1989 with TI-weighted sagittal sections and T2-weighted transverse sections. On T2-weighted -quences, areas of high signal were present in the periventricular white matter. A large plaque in the left frontal lobe was located close to the left frontal ventricular horn ( fig 3A) . This large plaque appeared as an area of low signal in the frontal white matter on Tl-weighted sagittal sections, and as a high signal area on T2-weighted sections. There were also small lesions scattered throughout the right fontal lobe and in the white matter close to the occipital horns of the ventricules (fig 3B) , and a larger lesion in the left temporal lobe (fig 3G) . The During her stay in hospital, the patient was considered to be primarily depressed and several antidepressant and neuroleptic drugs were given. Her depressive mood and apragmatic behaviour improved, but the hallucinations persisted. She left the hospital in September 1991 for a long term care unit. In February 1992, she complained of paresthesiae affecting both the right hemiface and upper limb which lasted several weeks. A cerebral MRI examination performed in May 1992 disclosed a new T2-high signal lesion in the left upper brainstem.
A second neuropsychological examination was performed in May 1992. The patient was willing to cooperate. The IQ remained stable at 60 on the WAIS-R.14 In BEM144, her score was at 2-5 SD below the mean of a group of the same age and cultural level. '4 In the Wisconsin card sorting test, four out of six criteria were elaborated.14 Sixteen out of 48 errors were consistent with a difficulty in maintaining a strategy. In the Stroop test,'4 all scores were low (words, 32; colours, 30; colour-word, 32 in T notes). Tests for verbal fluency remained weak although naming was correct. By comparison with the preceding examination, the copy of the Rey figure'4 had deteriorated considerably: the reproduction was totally disorganised, the external configuration being broken, and several details were repeated; details were recognisable, however, and graphism was not altered.
Discussion
Two female patients presented with a progressive dementia and had histologically confirmed multiple sclerosis. The predominant neurological abnormality was a dementia, and neuroimaging studies suggested changes in the white matter. In previously described patients with multiple sclerosis in whom dementia was predominant,'2 other signs of neurological dysfunction were present supporting the diagnosis of multiple sclerosis, or the diagnosis of laboratory supported multiple sclerosis'5 could be made on the basis of lymphocytic hypercellularity or hyper-'y-globulinaemia in the CSF. In our two cases the diagnosis finally relied on histological examination (necropsy and cerebral biopsy). Silent plaques have been described (five in 2450 in the series of Gilbert and Sadler).'6 Therefore, a comparative analysis was performed to try to establish a correlation between the location of the plaques and the cognitive abnormalities with reference to the already published cases.
In case 1, the onset was in adulthood and a progressive course over 13 years finally led to death. Several authors have pointed out the resemblance between dementia in multiple sclerosis and the socalled "subcortical dementia". [17] [18] [19] [20] Case 1 showed characteristics of subcortical dementia: learning disability, apragmatism, reduction in verbal fluency, and mood disorders. The loss of memory was reminiscent of an alcoholic Korsakoff syndrome. Initial presentation with a Korsakoff syndrome in multiple sclerosis has already been noted.2' By contrast with our case, there was brainstem involvement.2' In common with the case of Vighetto et al,2' we found, on MRI evidence, demyelination in the white matter of the hippocampus, which could contribute to the amnestic syndrome. Atrophy of the corpus callosum and ventricular enlargement have also been reported to correlate with dementia in multiple sclerosis.222 ' Postmortem examination disclosed plaques exclusively located to the hemispheric white matter. The right optic nerve was also demyelinated. In the 70 necropsies of multiple sclerosis studied by Ikuta and Zimmerman,24 plaques were restricted to the supratentorial white matter in 7% and to the supratentorial white matter and the optic nerve in 14% of patients. 24 The cerebral lesions responsible for dementia in case 1 were analysed in more detail than in other published necropsy cases. 25 The cognitive impairment could not be explained by lesions localised in the cortex: there were no plaques in the grey matter,26 and no associated lesions, such as amyloid angiopathy.2' Lesions were localised in the brain white matter and axons were disrupted by necrotic plaques located on both sides of the corpus callosum. Plaques were found in the limbic system (the alveus, the fornix, and the cingulum), which might be correlated to the short term memory disturbance. In both hemispheres, plaques disrupted the cingulum, the superior frontooccipital, the superior longitudinal, and the uncinate fasciculi, which connect the frontal cortex to the temporal, parietal, and occipital cortices.28-30 Lesions of associative fibres might result in a disconnection syndrome of the long associative bundles. 28 The neural network involved in attention that originates in the posterior parietal cortex follows those pathways and ends in the frontal cortex.3" A disruption of this pathway may have contributed to the attentional disturbance found in the first patient.
In the second case, the onset was more difficult to establish with certainty. Behavioural changes began at the end of the first decade, but cognitive dysfunction and MRI abnormalities were only documented at the end of the second decade. Cases of multiple sclerosis starting before the age of 10 are rare (less than 1 % of all multiple sclerosis cases).32 The two neuropsychological examinations showed a stable cognitive deficit concerning intellectual and mnesic efficiency. The quality of basic learning (reading and dictation) was interpreted in favour of the acquired origin of the cognitive abnormalities (arithmetic calculation). In the verbal tests, answers were poor, but always pertinent and realistic. The score in the subtest of the similarities at the WAIS-R was the best, showing that there were no major problems in conceptual reasoning. The alteration of the copy of the Rey figure could not be attributed to delusions that were already present during the first examination. Taken together, the selective loss of educational knowledge, the alteration of the Rey figure, the major slowing of the intellectual processes, the difficulty in maintaining a strategy, and the limitation in verbal fluency were interpreted as signs of 
